A cross sectional study was carried out to determine whether schoolchildren in a specific locality exposed to pollution from steam coal dust have an excess of respiratory symptoms compared with children in control areas.
paternal (6.2%) and maternal (7%) asthma. The exposed zone contained more unemployed parents (41, 29, and 29% respectively), more rented housing (64, 45, 34%), and more smoking parents (71, 60, 59%) than the control areas. Respiratory symptoms were significantly more common in the exposed area, including wheeze (25.0, 20-6, and 17 .5%), excess cough (40.0, , and 25-1%), and school absences for respiratory symptoms (47-5, 35-9, and 34-9%). These differences remained significant even if the groups were subdivided according to whether or not parents smoked or were employed. Multiple logistic regression analysis confirmed the exposed zone as a significant risk factor for absenteeism from school due to respiratory symptoms (odds ratio 1.55, 95% confidence interval 1-17 to 2.06) after adjusting for confounding factors. Standard dust deposit gauges on three schools confirmed a significantly higher dust burden in the exposed zone.
An increased prevalence of respiratory symptoms in primary schoolchildren exposed to coal dust is confirmed. Although the association with known coal dust pollution is suggestive, a cross sectional study cannot confirm a causal relation and further studies are needed.
(Arch Dis Child 1994; 70: [305] [306] [307] [308] [309] [310] [311] [312] There is a growing public and scientific awareness of the impact of asthma and allergies on health in terms of morbidity. In recent years increases in the prevalence of asthma have been reported in some countries and differences have been observed between regions and countries. 1-4 Possible explanations for these variations include changes in the treatment of allergic disease, diagnostic labelling, the use of medical care, or risk factors such as air pollution conditioning prevalence or severity.5 6 A large international study in eight European countries of chronic respiratory diseases in children in relation to air pollution coordinated by the World Health Organisation clearly showed an association between air pollution and various respiratory indices in children (cough, shortness of breath, bronchitis).7 Of the two air pollutants studied smoke appeared to have a far greater effect than sulphur dioxide. Wheezing was not associated with smoke or sulphur dioxide concentrations. More recent research has implicated total suspended air particles as an important contributory cause of respiratory symptom episodes in children.8 l Air pollution with substances known to be allergenic has been shown to be a cause of asthma. Whether air pollution from substances not known to be allergenic or directly irritant to the airways can lead to an increased incidence of asthmatic symptoms or altered bronchial hyperreactivity is not known, however, nor is it established whether any effects apply to everyone or to specific subsets of the population such as children with an atopic diathesis. 12 13 Sultz et al have reported a significant correlation between levels of air pollution and the number of children admitted to hospital with asthma in Buffalo, USA.14 In Liverpool in 1991 an opportunity arose to compare the effect of an increased environmental dust burden in a specific locality with unaffected areas in the same city. Antiasthmatic drugs 9-9 (675) 6-2 (663) (468) NS
<0-001
NS=not significant at 5% level. *Proportion of those with asthma in whom it was well controlled.
tChild who seems to cough more (or get more coughs) than other children. tAbsent for one or more days in preceding 12 months.
were performed using EpiInfo and the Statistical Package for Social Sciences (SPSS).
PROJECT SCHEDULE AND IMPLEMENTATION
The questionnaires were distributed to each school's headteacher in September 1991 and the surveys were completed concurrently in the three study areas between October and December. Questionnaires were delivered to the schools and given to every second child in each class based on alphabetical order. Children returned them to the class teacher when they had been completed. Class lists were made available by headteachers to enable compliance to be calculated. Absentees were seen at revisits scheduled within two weeks of the initial survey. Informed consent was requested from parents to measure the height, weight, and peak respiratory flow of all children. Air pollution gauges were placed during the months of December 1991-April 1992. The study protocol was approved by the ethical committee of the district health authority and the education authorities for the study areas.
Results

STUDY POPULATIONS
A total of 1872 (92-0%) questionnaires were returned out of 2035 sent to parents. Of these, 78-5% were completed by the mother, 4X8% by the father, and 15.8% by both parents. The response rates in the three study areas were similar. In particular, the two schools in the exposed area from which complaints were made about the risk of asthma and coal dust exposure showed comparable compliance figures to other schools (92 and 99%).
There were significant socioeconomic differences between the exposed and control zones. Parental unemployment, the proportion of housing that was rented or was damp, and the proportion of smoking parents were all significantly higher in the exposed area ( (69)).
Children from the exposed zone had a lower mean (SD) birth weight (g) than children from either control area (exposed 3250 (600); control 1, 3290 (57); control 2, 3350 (600)). They were also reported to have been breast fed for a shorter period (months) (exposed 4-0 (3 4) (SD) months; control 1, 4-5 (4.5); control 2, 4-6 (4 5)). As there was no significant difference between the two control areas this offered the opportunity to pool the control data for some of the subsequent analyses.
RESPIRATORY SYMPTOMS
The whole group comparisons show that there was a significantly increased prevalence of most 86  95  98  89  76  93  93  96  79  76  92  99  84  99  82   Well controlled asthmat   96  86  75  83  65   97  84  92  70  82  80  62  86  75  58   Attack of wheezing   23  19  20  26  18  20  17  20  15  15  17  22  23  32  23   Attackofbreathlessness   7  12  12  13  10  11  10  10  9  9  14  17  11  25  19   Excess coughf   27  24  26  22  23  21  24  26  21  22  37  38  33  43  43 *The two schools closest to coal stockpile. Schools coded 1 and 2 in exposed area were those from which the original complaints were received. tProportion with well controlled asthma. tChild who coughs more than other children. (table 3) . This comparison also showed that the higher prevalence of respiratory indices in the exposed area did not result from increased reporting in a single school. In all areas there were expected associations to be found; thus respiratory symptoms were less common in girls than boys (relative risk (95°/0 confidence interval) for ever diagnosed asthma 0-64 (0 50 to 0-82); wheezing 0 71 (0-56 to 0 90)). The exception was increased cough in the preceding 12 months which showed no relation with gender. Maternal asthma showed a more significant association with breathlessness or wheezing or absenteeism from school due to these symptoms than paternal asthma.
There was no significant difference in either the duration of wheezing or episodes ofbreathlessness or their age of onset between the three study areas. Neither was the onset of wheezing or breathlessness more common in the exposed area in the three years before the survey which corresponded to the period of coal importation. The symptoms of recent cough, wheeze, and breathlessness occurred together in 12-7% of children in the exposed area, which is significantly increased compared with the other areas (table 4) . The symptom of recent cough but without associated wheezing or breathlessness also occurred more often in the exposed area.
All conditioning environmental factors (infection, weather, exercise, smoke, cigarette smoking, emotion, and household dust) were reported as significantly more likely to provoke wheezing or coughing in the children in the exposed area. High prevalence figures for respiratory indices were reported for the exposed children when the parent considered coal dust exposure was associated with symptoms (ever diagnosed asthma 42-2%; attack of breathlessness, 41 2%; excess cough 75.5°/o). Of parents in all study areas who did not report excess childhood cough as a problem, however, about 80% indicated that conditioning factors (including coal dust) were not likely to provoke this symptom. Hospital admissions at any age due to respiratory disease were increased when the parent considered coal dust exposure a problem (17.3% compared with 2-6%). Analysis of variance showed no significant difference in peak flows between the two groups categorised by parental opinion on coal dust exposure. There was no increased risk of parental asthma which ever parental opinion was held about the respiratory risk to children of coal dust exposure.
SEVERITY OF RESPIRATORY SYMPTOMS
Severity of respiratory symptoms was assessed in relation to school days lost in the preceding 12 months with cough, wheeze, or breathlessness. The frequency of school absenteeism because of respiratory symptoms was higher in four of five schools in the exposed area compared with the 10 schools in the control areas. Table 5 shows the distribution of school days lost due to cough, wheeze or breathlessness for the three groups. Lost days due to respiratory symptoms are more common in schools in the exposed area. Hospital admission for wheezing or breathlessness in the year preceding the questionnaire was slightly over 2% of children for the exposed area and Respiratory morbidity in Merseyside schoolchildren exposed to coal dust and air pollution *Proportion of those with asthma in whom it is well controlled. tChild who seems to cough more than other children.
[Absent for one or more days. §70% of all drugs were for asthma. control 1. A lower proportion of children were admitted to hospital with respiratory symptoms in control area 2 (<0 5%/0). There was a lower proportion of children in the exposed group who had well controlled asthma compared with either control group (table 2) .
STRATIFICATION ANALYSES
For each of the socioeconomic differences between the areas (table 1) the groups were divided into two strata for that variable and the between group comparisons repeated. Table 6 illustrates this approach for passive smoking. Children of smokers do have more respiratory symptoms than the children of non-smokers, but for both smoking and non-smoking subgroups there remains an increased incidence of respiratory symptoms in the area exposed to dust. This pattem of exposed versus control group differences was consistent for each of these analyses. Table 7 details the resulting models. For ever diagnosed asthma, other allergies, parental history, sex (boy), and socioeconomic status (renting rather than owner occupier) are the dominant risk factors; going to school in the exposed zone, smoking, dampness, and household pets, though significant when considered in isolation, do not have odds ratios significantly different from unity after adjusting for known confounders, and their inclusion in the model does not significantly alter the odds ratios for other variables. A similar model resulted for wheeze, but passive smoking is an additional significant risk factor for wheeze. The model for recent absenteeism from school due to cough wheeze or breathlessness, however, which we take as a measure of severity, is different: sex and parental history are now omitted and other health problems are a risk factor; going to school in the exposed zone enters as a dominant risk factor with an odds ratio of 1-59, which is significantly greater than unity after adjusting for confounding effects about which we have information (95% confidence interval 1.23 to 2 04). Peak flow can be predicted well from the child's height, age, and sex. Zone and other respiratory disease risk factors do not improve the predictions. The seasonal distribution of respiratory problems is the same for exposed and control zones (that is, a slight increase in autumn/winter). The predictive power of the logistic regression models is poor, reflecting the fact that much of the variation between children in the occurrence and severity of respiratory disease is unexplained by the measured variables.
AIR POLLUTION DATA
A number of problems were associated with the study, in particular the loss of samples due to damage of the gauges from vandalism. Only a few results were then available for the study. It is difficult to draw full conclusions from so few results; however, it appears that the exposed area has appreciable pollution from airborne dust.
The monitor in the exposed area showed consistently higher loading than either of the control schools for comparable sampling periods. A large percentage of the insoluble fraction in the exposed area consisted of combustible matter, which may consist of unburnt coal, partially combusted coal, or oil and other organic matter (combustible matter in exposed area 39.2%; control 1, 6-3%; control 2, 6.5%).
It was not possible to carry out further analysis on these samples to positively identify the components due to the destructive nature of 19 20) . A higher response rate increases the confidence in the data and so does the comparability of the responses between the schools. One of the schools in the exposed area has been the subject of much press speculation and thus responses from this index school which was closest to the coal terminal might have biased the results. In the event this school was no different from the remaining four in the exposed zone for many of the respiratory indices. Another possible source of bias could have occurred if more children had been off sick in the exposed zone and been missed by the survey; the even response rate suggests this is also unlikely, but had it occurred, correction would have increased the differences observed. The three areas were studied in parallel over a three month period so that any climatic or seasonal influences were the same for each area.
We were concerned that parents in the exposed zone might simply answer yes indiscriminately. It is therefore reassuring that the reported incidence of hay fever and croup were not different between the zones and that when a child was reported to have, for example, an increased cough within the last year, further questions as to the relation of the symptom to other provoking factors were consistent across the groups, suggesting that these were genuine symptoms resulting in genuine morbidity.
The level of respiratory symptoms in our two control areas are comparable with those reported elsewhere3 16 and suggest that Liverpool in general is no different from other cities in the UK. The increased level of respiratory symptoms in the exposed zone shows up on each of the analyses and despite controlling for all the potential confounding variables, including socioeconomic factors. There is a possibility that other socioeconomic factors might be operating -for example, standards of hygiene. There can be no doubt, however, that the children in this area do have an excess of respiratory morbidity.
Hospital admissions due to respiratory disease were not significantly increased in the exposed compared with the control zones. Hospital admissions in the exposed area due to respiratory disease were increased, however, when the parent considered coal dust exposure to be a health problem. This suggests that parental attribution of cause and effect may have followed the development of symptoms and illness (decided by a hospital doctor and not a parent) rather than it being a phenomenon of parental overreporting of symptoms. The severity of symptoms may be greater in children with asthma after exposure to air pollution thus increasing the likelihood of hospital admission. There is evidence that the effect on child health in the exposed area is sufficient to cause an increase in the number of school days lost due to respiratory symptoms. Wheezing and asthma are recognised as important causes of school absence. Absenteeism in the control areas was comparable with that reported in a study from Nottingham.21 Before the study the parents had labelled the respiratory problems as asthma. We observed an increased incidence of diagnosed asthma, but the most striking statistical correlations between the zones was for the symptom 'recent cough'. Recent cough without wheeze or breathlessness is markedly higher in the exposed children as well as the symptom complex of cough, wheeze, and breathlessness that is typical of asthma. This could imply that the major effect of air pollution is to cause an increase in coughing, possibly as a direct effect of inhaling an increased burden of dust. It is reassuring that the peak flows measured in each of our study areas were normal, but it should be remembered that measurements were only performed on children when they were at school and thus by definition well. It is established that workers in dusty jobs are likely to develop a cough productive of phlegm, but that this 'simple bronchitis' occurs without airflow limitation.22 The confounding influence of cigarette smoking in miners has resulted in some controversy, but in general coal dust is not held to be a cause of airway obstruction even in those miners who have simple bronchitis. All the studies of dust and occupation are of adults, however, and there are no longitudinal data about the effect of increased cough (associated with other markers of morbidity such as absence from school) on children. The growing and maturing lung may handle a dust burden differently from the adult lung and moreover these children are exposed 24 hours a day, whereas workers are only exposed for eight. It is established that children of smoking parents fare less well and the magnitude of the effect between our study areas suggests that the local environment in north Liverpool is at least as important as passive smoking for these children.
This study was cross sectional in design and although we can confidently state that there is a respiratory problem in the exposed area, we cannot attribute the problem to a specific cause. There is an increased dust pollution problem in the area which is relatively recent and which provides a simple, straightforward explanation. Moreover, the effect on cough in particular fits with the hypothesis that this is the result of an increased burden of inhaled dust. Further studies are needed to confirm or deny the connection.
The other obvious pollutant to blame is the grain terminal, but this has been present for many years and the grain handling is almost entirely by enclosed processes. There are some animal feeds arriving intermittently on the docks which are not well handled and could provide a potential source of allergenic pollution that could provoke asthma. Asthma was the weakest correlate in the survey, however; we did not detect increased hospital admissions for asthma and the symptoms complex of wheeze and breathlessness was not increased. In dust samples analysed there were plentiful amounts of combustible, carbonaceous material.
Our findings of an increase in symptoms in an area with a high dust pollution load is consistent with other reports published since our study began. A study from South Wales reported an increased diagnosis of asthma by general practitioners when a new surface coal mine began operation.23 It is not clear whether this was really asthma or whether the general practitioners were overdiagnosing the symptom of cough. A Swiss study looked at the respiratory health of primary schoolchildren in three areas and noted that respiratory symptoms were highest in the area with the highest level of suspended particulates in the air and that they were independent of levels of nitrogen and sulphur oxides.8 The Monkton coking works study from the north of England and the Munich/Leipzig study from Germany found similar results. In the former it is interesting that the effects were much more prominent in children than adults.'920 Lastly, in the USA a longitudinal study of schoolchildren showed changes in peak expiratory flow and symptoms over time, which varied in response to changing levels of airborne particulates.24
If air pollution is causing these effects it' would seem to be a chronic effect (which may be cumulative), but which is not sufficient to lead to an increased prevalence of severe attacks requiring admission to hospital. Although symptoms and morbidity factors such as time off school are increased there is no evidence of serious damage. All these studies support the hypothesis that the increased respiratory symptoms in children in north Liverpool have been exacerbated by the dust pollution. The annual average deposition rate of undissolved matter shown in table 7 for one of the two sites in the exposed area is above the likely nuisance guidelines of 130 mg/m2/day. It is important not to overinterptet a cross sectional study, however; we can state confidently that there is a child health problem, but further studies are needed to determine if pollution is the cause.
